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Summary 
Twenty strains of Agrobacterium spp. were isolated 
from grapevines derived from 9 different grape-grow-
ing regions in Bulgaria and from symptomless wild 
grapes, Vitis vinifera ssp. silvestris, naturally growing 
in forests of South-East Bulgaria. The isolated strains 
were examined by biochemical and pathogenicity tests 
and PCR analysis of chromosomal and plasmid-located 
genes. Two of the studied strains resemble non-patho-
genic A. tumefaciens, but the others were determined as 
tumorigenic A. vitis. Only one out of 18 A. vitis strains, 
isolated from grapevines, was found to harbor vitopine 
Ti plasmid type. Surprisingly, all 4 A. vitis strains iso-
lated from symptomless V. vinifera ssp. silvestris plants, 
proved to be tumorigenic. Thus, for the first time we 
report the isolation of pathogenic A. vitis strains from 
wild grapes. The strict correlation between the results 
from biochemical and virulence tests and PCR analysis 
suggests that the chosen PCR procedures can be used 
efficiently for direct PCR testing for the presence and 
tumorigenicity of A. vitis in grapevines. 
K e y    w o r d s :  Agrobacterium, grapevine, wild grapes, 
V. vinifera ssp. silvestris, pathogen strain, polymerase chain reac-
tion. 
Introduction 
Crown gall is one of the most important and wide-
spread bacterial diseases of grapevines. It is caused pre-
dominantly by Agrobacterium vitis, although A. tume-
faciens was also found occasionally in infected vines 
(BURR et al. 1998). Agrobacterium survives systemically 
in infected grapes (LEHOCZKY 1968). There is no effective 
chemical control and the preventive measures including 
early detection of the pathogen and propagation of disease-
free planting material are the only way out (BURR et al. 
1998, BURR and OTTEN 1999). In recent years the use of 
a non-pathogenic A. vitis strain F2/5 for biological con-
trol was proposed (BURR and REID 1993, BURR et al. 1998). 
A number of A. vitis strains were isolated from various 
grape-growing areas in the world; they were further char-
acterized for their tumorigenic capacity, T-DNA structure, 
physiological and biochemical properties. Representative 
strain collections were established and well characterized 
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reference strains were selected (BURR et al. 1998, BURR 
and OTTEN 1999). Ti plasmid-located genes are responsible 
for the tumor formation in infected plants (BURR and OT-
TEN 1999 and references therein). Restriction maps, cloned 
fragments, and sequences are now available for the major 
types of A. vitis Ti plasmids. With regard to the Ti plasmid, 
three basic structures have been defined: the octopine/cu-
comopine type, the nopaline type and the vitopine type 
(SZEGEDI et al. 1988, BURR and OTTEN 1999, SZEGEDI 2003). 
Different primer pairs based on plasmid and chromosome 
DNA sequences are designed and PCR analysis was suc-
cessfully applied for detection of A. vitis, prediction of 
strain tumorigenicity and T-DNA type (WINANS et al. 1987, 
EASTWELL et al. 1995, HAAS et al. 1995, LOUWS et al. 1999, 
SZEGEDI and BOTTKA 2002). 
The presence of wild grapes, V. vinifera ssp. silves-
tris, naturally growing as single plants in the forests of 
South-East Bulgaria was reported by NEGRUL (1968) and 
KATEROV (1968). The occurrence of Crown Gall disease 
in Bulgarian vineyards was described for the first time by 
VALACHEV (1902). MALENIN (1980) reported Crown Gall 
to occur in all grape-growing regions of Bulgaria. Besides 
these studies no systematic collection, differentiation and 
characterization of Agrobacterium strains isolated from 
Bulgarian vineyards and naturally growing wild grapes 
was performed so far. 
Here we describe the isolation and characterization of 
Agrobacterium strains from different grape-growing re-
gions of Bulgaria. Moreover, the isolation of pathogenic 
A. vitis strains from wild grapes (V. vinifera ssp. silvestris) 
is reported. The application of biochemical and PCR tests 
for strain differentiation and the determination of strain tu-
morigenicity are discussed. 
Material and Methods 
B a c t e r i a l   s t r a i n s :  The donor grapevine 
plants are located in different grapevine growing regions 
and represent old native V. vinifera cvs like Mavrud and 
Dimiat, widespread cvs like Cabernet Sauvignon, Merlot 
and Chardonnay and locally selected cv. Velika. V. vinif-
era ssp silvestris plants were found in the forests of the 
Arkutino area and the Stranja Mountain, South-East Bul-
garia. V. vinifera trunks and canes with typical crown galls 
were collected from vineyards in the main grape-growing 
regions of Bulgaria. Stem samples from wild V. vinifera 
 98 I. GENOV et al.
ssp. silvestris were collected in natural forests in South-
Eastern Bulgaria. None of the sampled wild vines had any 
apparent galls on their roots and stems. To isolate Agro-
bacterium spp., the surface cell layers of the samples were 
removed with a scalpel; they were washed diligently with 
sterile distilled water. The samples were cut to small piec-
es, transferred into 1.5 ml centrifuge tubes and stored at 
-70 oC for one h. Following incubation at room tempera-
ture for 30 min the samples were centrifuged at 5678 g 
for 10 min. The suspension collected from the bottom of 
the centrifuge tubes was spread on semiselective Roy and 
Sasser medium (RS, BURR and KATZ 1984) and incubated at 
28 oC. Colonies typical to A. vitis were streaked on potato 
dextrose agar (PDA). All isolates were maintained on PDA 
for further characterization. The studied strains are listed in 
the Тable. Several well-characterized strains of Agrobacte-
rium spp. were used as controls. To perform the virulence 
test and DNA isolation, the bacterial strains were grown 
on liquid Luria Bertani medium (LB, MANIATIS et al. 1982) 
overnight at 28 oC with 200 rpm shaking. 
P h y s i o l o g i c a l   a n d   b i o c h e m i c a l 
t e s t s :  A standard set of physiological and biochemi-
cal tests to differentiate Agrobacterium spp. was applied 
(MOORE et al. 2001). It included: evaluation of growth on 
D1M agar, 3-ketolactose production, growth in 2 % NaCl, 
growth at 35 oC, acid production from melezitose, acid 
clearing on PDA plus CaCO
3
, motility at pH 7.0, citrate 
utilization, and oxidase reaction. 
V i r u l e n c e   t e s t s :  Vitis riparia x V. Berland-
ieri, var. SO4 and Lycopersicon esculentum, cv. Triadica 
(tomato) plants were grown in the greenhouse. The stems 
of the plants were inoculated by a syringe with a sterile 
hypodermic needle. Bacterial suspensions (150 µl, optical 
density (OD)
600 
= 0.2) were applied to each plant by per-
forating stems. Tumor formation was scored 6 weeks after 
inoculation of V. riparia and 3 weeks after inoculation of 
tomato plants. Under laboratory conditions, well-devel-
oped carrots (Daucus carota) were surface-sterilized with 
20 % bleach, cut into slices and placed onto a wet filter 
paper in sterile Petri dishes. The top of the slices was in-
oculated by spreading 150 µl bacterial suspensions. Tumor 
formation was scored 3 weeks after inoculation. 
M o l e c u l a r   a n a l y s e s   o f   t h e   s t r a i n s : 
Bacterial DNAs were isolated from overnight cultures us-
ing the rapid Triton X-100 / sodium azide protocol (ABOL-
MAATY et al. 2000, SZEGEDI and BOTTKA 2002). The PCR 
amplifications were carried out in the Gene Amp PCR 
System 9700 in 25 µl final volume. The reaction mixture 
consists of 1x Taq polymerase buffer, 1.8 mM MgCl
2
, 
0.4 µM of each primer, 160 µM of each dNTP, 1.25 unit 
Taq polymerase (Fermentas, USA) and 2 µl template 
DNA. The reaction conditions involved an initial dena-
turation step at 94 oC for 1 min, followed by 30-35 cycles 
at 94 oC, 50 oC for VirD2 and 54 oC for PG, VirE2 and VIS, 
72 oC for 1 min at each temperature and final extension 
step at 72 oC for 5 min. Four PCR primer pairs were used. 
PGF (5’-GGGGCAGGATGCGTTTTTGAG) and PGR 
(5’-GACGGCACTGG-GGCTAAGGAT) specifically am-
plified a 466 bp fragment of the chromosome located polyg-
alacturonidase (PG) gene of A. vitis (HERLACHE et al. 1997, 
SZEGEDI and BOTTKA 2002). VirD2A (5’-ATGCCCGATC-
GAGCTCAAGT) and VirD2C (5’-TCGTCTGGCT-
GACTTTCGTCATAA) amplified a 224 bp fragment of 
the plasmid virD2 gene of Agrobacterium spp. (HAAS et al. 
1995). VirE2PF (5’-CGTGCTGCCGTCTCTACA) and 
VirE2PR (5’-ACTGAACGCGATCCCACA) amplified a 
753 bp fragment of vir E2 gene from Agrobacterium sp., 
but not A. vitis harboring vitopine type Ti plasmid (WIN-
ANS et al. 1987, SZEGEDI and BOTTKA 2002). VisF (5’-CCG-
GCCACTTCTGCTATCTGA) and VisR (5’-CCATTCAC-
CCGTTGCTGTTATT) specifically amplified a 561 bp 
fragment of A. vitis vitopine synthase (VIS) gene associ-
ated with vitopine type Ti-plasmid (CANADAY et al. 1992, 
SZEGEDI and BOTTKA 2002). 
Results and Discussion 
Totally 20 isolates of Agrobacterium spp. were recov-
ered after the isolation from the plant samples and sub-
sequent screening on semi-selective RS medium. Sixteen 
of them were isolated from grapevine tumors and 4 from 
symptomless wild grapes. A previously isolated strain 
B-29 (MALENIN 1973) was included in the study, as well. 
Although no direct comparison of different isolation pro-
tocols was performed, we readily isolated bacteria from all 
plant samples through a procedure including -70 oC freez-
ing of the plant material. Introduction of the deep freezing 
step is assumed to facilitate the release of bacteria strongly 
attached to grape cell walls. The isolated strains, produc-
ing typical colonies on RS medium, were further subjected 
to a set of biochemical tests to differentiate Agrobacterium 
spp. (MOORE et al. 2001). The results (Table) suggest that 
the strains IG-1 to IG-18 and B-29 resemble A. vitis, while 
the strains KT and TP show 3-ketolactose production and 
acid from melezitose and are A. tumefaciens. All studied 
strains were found to be motile at pH 7 and strains KT 
and TP utilize citrate, which were exceptions from the de-
scribed typical characteristics of A. tumefaciens (MOORE 
et al. 2001). The results demonstrated PCR amplification 
with the A. vitis-specific PGF/PGR primer pair for all 
19 strains determined as A. vitis (Table, Figure, A), which 
confirms their correct differentiation by the biochemical 
tests. The 19 A. vitis strains were also positive by PCR 
with virD2 primer pair (Table), which points out that they 
carry Ti plasmids. No PCR products were observed from 
the A. tumefaciens strains KT and TP after analysis with 
virD2 and virE2 genes, suggesting that they do not harbor 
Ti plasmids and are non-pathogenic (data not shown). The 
PCR analysis with Vis primers specific for the vitopine 
synthase gene revealed amplification for the A. vitis strain 
IG-18, suggesting that it harbours a vitopine type Ti plas-
mid (CANADAY et al. 1992, SZEGEDI and BOTTKA 2002). All 
other studied A. vitis strains show amplification with virE2 
primers but were negative at PCR with vitopine synthase 
primers (Table, Figure, B, C), and could be considered to 
harbor a non-vitopine type of Ti plasmids. The virulence 
test confirms the results from PCR analysis as all 19 A. vitis 
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strains were found to induce tumors on greenhouse-grown 
V. riparia and tomato plants and some of them on carrot 
slices. At the same time no tumor formation was observed 
after inoculation with the A. tumefaciens strains KT and 
TP, determined as non-pathogenic (Table). The compari-
son of the isolated strains with the set of characterized con-
trol strains of Agrobacterium spp. in all performed tests 
demonstrates the accurate performing of the tests and the 
correct interpretation of data (Table). 
The results from the present study demonstrate that 
sampled tumor bearing grapevine plants from vineyards in 
Bulgaria contain predominantly pathogenic non-vitopine 
type strains of A. vitis. Only the strain IG-18 is found to 
harbor vitopine type Ti-plasmid (Table, Figure, C). Simi-
lar results were obtained within other studies involving 
characterization of bacterial strains from grapevines in 
Germany, France, Australia, Hungary, Turkey and South 
Africa (BURR and OTTEN 1999, ARGUN et al. 2002, SZEGE-
DI et al. 2005). The close correlation between the results 
from biochemical and virulence tests and PCR analysis of 
the isolated strains suggests that the applied set of PCR 
analysis could be efficiently used for direct PCR testing of 
plant material for planting and production of Agrobacteri-
um-free vines, similar to that proposed by EASTWELL et al. 
(1995), KAUFMANN et al. (1996), LOUWS et al. (1999), and 
SZEGEDI and BOTTKA (2002). 
Two earlier studies on A. vitis strains colonizing wild 
V. vinifera ssp silvestris (C. BAZZI, unpubl. data, reviewed 
by BURR and OTTEN 1999) and V. riparia (BURR et al. 1998) 
demonstrated that all isolated strains are non-tumorigenic. 
Thus, the results of the present study are very interesting 
since they show that all 4 A. vitis strains isolated from wild 
V. vinifera ssp silvestris are tumorigenic (strains IG-9 to 
IG-12). The sampled wild grape plants are placed in the 
forest areas of south-eastern Bulgaria with no vineyards 
nearby. Thus, it is unlikely that the isolated pathogenic 
A. vitis strains are derived from contamination with com-
mercial grapevines. The isolation of tumorigenic A. vitis 
strains from wild grapes lacking distinguished galls on 
their stems and roots raises a number of questions concern-
ing their biodiversity and genetic relationship with other 
pathogenic strains isolated from vineyards in Bulgaria, as 
well as the extent of their host range. Presently we initiate 
a molecular marker study on the biodiversity of the iso-
lated A. vitis strains and are in search of new locations with 
naturally growing wild grapes. 
Acknowledgements 
The authors are grateful to Prof. E. SZEGEDI, Prof. T. BURR, 
and Prof. I. MALENIN for kindly providing Agrobacterium strains, 
helpful discussions and assistance. 
References 
ABOLMAATY, A.; VU, C.; OLIVER, J.; LEVIN, R.; 2000: Development of a 
new lysis solution for releasing genomic DNA from bacterial cells 
for amplification by polymerase chain reaction. Microbios 101, 
181-189.
ARGUN, N.; MOMOL, M.; MADEN, S.; MOMOL, E.; REID, C.; CELEK, H.; 
BURR, T.; 2002: Characterisation of Agrobacterium vitis strains iso-
lated from Turkish grape cultivars in the central Anatolia region. 
Plant Dis. 86, 162-166.
BURR, T.; BAZZI, C.; SULE, S.; OTTEN, L.; 1998: Crown Gall of Grape: 
Biology of Agrobacterium vitis and the development of disease con-
trol strategies. Plant Dis. 82, 1288-1297.
BURR, T.; KATZ, B.; 1984: Grapevine cuttings as potential sites of sur-
viving and means of dissemination of Agrobacterium tumefaciens. 
Plant Dis. 68, 976-978.
BURR, T.; OTTEN L.; 1999: Crown Gall of Grape: Biology and disease 
management. Ann. Rev. Phytopathol. 37, 53-80.
BURR, T.; REID, C.; 1993: Biological control of grape crown gall with 
nontumorigenic Agrobacterium vitis strain F2/5. Am. J. Enol. Vitic. 
45, 213-219.
CANADAY, J.; GERARD, J.; CROUZET, P.; OTTEN, L.; 1992: Organization and 
functional analysis of three T-DNA’s from the vitopine Ti plasmid 
pTiS4. Mol. Gen. Genet. 235, 292-303.
EASTWELL, K.; WILLIS, L.; CAVILEER, T.; 1995: A rapid and sensitive meth-
od to detect Agrobacterium vitis in grapevine cuttings using the 
polymerase chain reaction. Plant Dis. 79, 822-827.
HAAS, J.; MOORE, L.; REAM, W.; MANULIS, S.; 1995: Universal PCR prim-
ers for detection of phytopathogenic Agrobacterium strains. Appl. 
Environ. Microbiol. 61, 2869-2884.
HERLACHE, T.; HOTCHKISS, A.; BURR, T.; COLLMER, A.; 1997: Characteriza-
tion of Agrobacterium vitis pehA gene and comparison of the encod-
ed polygalacturonase with the homologous enzymes from Erwinia 
carotovora and Ralstonia solanacearum. Appl. Environ. Microbiol. 
63, 338-346.
HOOYKAAS, P.; DEN, DULK-RAS.; OOMS, G.; SCHILPEROORT, R.; 1980: Inter-
actions between octopine and nopaline plasmids in Agrobacterium 
tumefaciens. J. Bacteriol. 143, 1295-1306.
KATEROV, K.; 1968: Guide for identification of the grapevine varieties. 
Zemizdad (Ed.), 240-241.
KAUFMANN, M.; KASSEMEYER, H.; OTTEN, L.; 1996: Isolation of Agrobac-
terium vitis from grapevine propagating material by means of PCR 
after immunocapture cultivation. Vitis 35, 151-153.
Figure: PCR analysis of the strains: A, PG primer pair amplifies 
a 466-bp product from all A. vitis strains. B, VirE primer pair 
amplifies 753-bp product from non-vitopine type strains. C. Vis 
primer pair amplifies a 561-bp product from vitopine type strains. 
Lane numbers correspond to the following strains: 1, IG-1; 2, IG-
2; 3, IG-3; 4 IG-4; 5, IG-5; 6, IG-6; 7, IG-7; 8, IG-8; 9, IG-9; 10, 
IG-10; 11, IG-11; 12, IG-12; 13, IG-13; 14, IG-14; 15, IG-15; 16, 
IG-16; 17, IG-17; 18, IG-18; 19, B-29; 20, KT; 21, TP ; 22, AB-3; 
Bands in size-marker lanes represent increments of 100 bp.
 Isolation and characterization of Agrobacterium strains 101
KERR, A.; 1972: Biological control of crown gall: Seed inoculation. J. 
Appl. Bacteriol. 35, 493-497.
LEHOCZKY, J.; 1968: Spread of Agrobacterium tumefaciens in the ves-
sels of the grapevine after natural infection. Phytopathol. Z. 63, 
239-246 
LOUWS, F.; RADEMAKER, J.; DE BRUIJN, F.; 1999: The three ds of PCR-based 
genomic analysis of phytobacteria: Diversity, detection, and disease 
diagnosis. Ann. Rev. Phytopathol. 37, 81-125.
MALENIN, I.; 1973: Biological and Ecological Studies of Crown Gall of 
Grapevine with a View to find Methods and Means for Control. PhD 
thesis, IVE-Pleven.
MALENIN, I.; 1980: Geographical Distribution of Crown Gall Disease of 
Grapevine. Bull. IVE-Pleven T 6, 23-41.
MANIATIS, T., FRITSCH, E., SAMBROOK, J. 1982: Molecular Cloning: A Labo-
ratory Manual. Cold Spring Harbor Laboratory, Cold Spring Harbor, 
NY.
MOORE, L. W.; BOUZAR, H.; BURR, T.; 2001: Agrobacterium. In: N. W. 
SCHAAD, J. B. JONES, W. CHUN (Eds): Laboratory Guide for Identi-
fication of Plant Pathogenic Bacteria, 3rd edn, 17-35. APS Press, 
St Paul, MN.
NEGRUL, A.; 1968: The origin of cultural grapevines. TSHA Ann. Rep. 
139, 329-327.
SZEGEDI, E.; 2003: Opines in naturally infected Crown Gall tumors. Vitis 
42, 39-41.
SZEGEDI, E.; BOTTKA, S.; 2002: Detection of Agrobacterium vitis by 
polymerase chain reaction in grapevine bleeding sap after isolation 
on a semiselective medium. Vitis 41, 37-42.
SZEGEDI, E.; BOTTKA, S.; MIKULAS, J.; OTTEN, L.; SULE, S.; 2005: Char-
acterization of Agrobacterium tumefaciens strains isolated from 
grapevine. Vitis 44, 49-54.
SZEGEDI, E.; CZAKO, M.; OTTEN, L.; KONCZ, CS.; 1988: Opines in crown 
gall tumors induced by biotype 3 isolates of Agrobacterium tumefa-
ciens. Physiol. Mol. Plant Pathol. 32, 237-247.
VALACHEV, I.; 1902: Tumescence and growing mouldy of grapevine 
stump. Grape 2, 40-41.
WINANS, S.; ALENZA, P.; STANCHEL, S.; MC BRIDE, K.; NESTER, E.; 1987: 
Characterization of vir E operon of the Agrobacterium Ti plasmid 
pTiA6. Nucl. Acids Res. 15, 825-837.
Received August 18, 2005
 
